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Abstract 

Human serum albumin (HSA) is extensively used in clinics to treat a variety of diseases, such as hypoproteinemia, 
hemorrhagic shock, serious burn Injuries, cirrhotic ascites and fetal erythroblastosis. To address supply shortages and high 
safety risks from limited human donors, we recently developed recombinant technology to produce HSA from rice 
endosperm. To assess the risk potential of HSA derived from Oryza sativa (OsrHSA) before a First-in-human (FIH) trial, we 
compared OsrHSA and plasma-derived HSA (pHSA), evaluating the potential for an Immune reaction and toxicity using 
human peripheral blood mononuclear cells (PBMCs). The results indicated that neither OsrHSA nor pHSA stimulated T cell 
proliferation at Ix and 5x dosages. We also found no significant differences In the profiles of the CD4^ and CD8^ T cell 
subsets between OsrHSA- and pHSA-treated cells. Furthermore, the results showed that there were no significant 
differences between OsrHSA and pHSA in the production of cytokines such as interferon-gamma (IFN-y), tumor necrosis 
factor-alpha (TNF-ot), interleukin (IL)-IO and IL-4. Our results demonstrated that OsrHSA has equivalent immunotoxicity to 
pHSA when using the PBMC model. Moreover, this ex vivo system could provide an alternative approach to predict 
potential risks in novel biopharmaceutlcal development. 
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Introduction 

Plant-made pharmaceuticals (PMPs) are a category of thera- 
peutic products based on a plant platform that has developed 
rapidly over the past two decades [1]. Up until now, plant cells 
have successfully been used to produce at least 108 pharmaceu- 
ticals; more than 30 PMP products have been evaluated in clinical 
trials, and nine have been approved for market [2] . Various plant 
species, including rice, tobacco, maize, soybean, potato, barley, 
carrot and safflower, have been tested to produce various 
antibodies, cytokines, vaccines and enzymes [3]. Currendy, rice 
seeds produce many recombinant pharmaceutical proteins, 
including cholera toxin B subunit [4], human transferrin [5], 
human serum albumin [6], human a-antitrypsin [7] and human 
basic fibroblast growth factor [8] . Rice endosperm is thought to be 
an excellent bioreactor for PMP production [2]. 

Over the past decades, attempts to produce rHSA in various 
expression systems have been made, including Escherichia coli [9] , 
Saccharomyces cerevisiae [10], Kluyveromyces lactis [11], Pichia 
pastoris [12], transgenic animals [13], and transgenic plants 
[6, 1 4, 1 5, 1 6, 1 7] . Although rHSA has been successfully expressed in 
these systems, only a few rHSA have proceeded to clinical trials. 



The first rHSA (Medway produced by Mitsubishi Pharma 
Corporation, Japan) has been entered chnical trial. The results 
have showed that no serious allergy or difference in the incidence 
of adverse drug reaction (ADRs) was observed. However, allergic 
ADRs were observed, while the specific IgE antibodies were not 
detected [18]. Recendy, the clinical trial of rHSA (Recombumin 
produced by Biopharma-Novozymes, UK) has been conducted. 
The results have indicated that intramuscular and intravenous 
administration of Recombumin to be well tolerated with no 
treatment-related serious adverse events, and no evidence of an 
immunologic response [19]. 

Because the plant system is a novel method of biopharmaceu- 
tlcal production, several methodologies could be proposed for 
evaluating the preclinical safety of PMPs. However, biopharma- 
ceuticals derived from different biological sources could have 
diverse components in their manufacturing processes compared 
with conventional small molecule chemical drugs [20]. Therefore, 
a safety assessment using appropriate animal systems is an essential 
step before a novel biopharmaceutlcal is approved for clinical trial. 
In spite of stringent safety assessments for the use of novel 
biopharmaceuticals in animal systems, a potential risk still exists. 
For example, in 2006, six healthy volunteers all suffered a series of 
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serious adverse reactions and life-threatening inflammatory 
responses from a "cytokine storm" after injection of a 1/500 dose 
of the anti-CD28 monoclonal antibody TGN1412, which was 

found to be safe in animal tests [21,22]. This incident justifies the 
need for predicting the potential immune effects of a biopharma- 
ceutical before the investigational new drug (IND) moves forward 
to clinical trials. 

Recently, an ex vivo assay based on human peripheral blood 
mononuclear cells (hPBMCs) or other cell lines has been used to 
predict the species-specific activity and immunotoxicity of 
biopharmaceuticals in preclinical safety testing [23]. These cell- 
based assays are more closely related to human immunological 
systems, which could be an appropriate in vitro assessment. Based 
on those rationales, regulatory agencies recommend and encour- 
age manufacturers to use in vitro or fix vivo assessments to predict 
the immune effects during th(- preclinical safety evaluation of 
biopharmaceuticals [20]. PBMGs have been widely used in many 
fields, such as immunology, infectious diseases, hematological 
malignancies, vaccine development, transplant immunolog\' and 
high-throughput screening for drug candidates [24] . Stebbings et 
Ell. have reported that PBMCs could efficiently predict the species- 
specific activity, immunogenicity or immunotoxicity of monoclo- 
nal antibodies (mAbs) and vaccines in preclinical safety testing 
[23,25]. Furthermore, PBMCs have also been successfuUy used for 
monitoring the effects of mAb complexes on the innate immune 
response in vitro [26]. In addition, PBMCs have been efficiently 
used to evaluate the safety and immunogenicity of booster 
vaccinations [27,28,29]. Moreover, a cytokine release assay 
(CRA) with human PBMCs has also been used as an alternative 
tool to predict the immunotoxicities of monoclonal antibodies and 
vaccines [30]. Therefore, PBMCs could be used in alternative 
approaches to predict the potential for immunotoxicity of PMP 
products. 

In this study, we used PBMCs as an ex vivo system for the 
assessment of the risk potential for immunoreactions with 
recombinant human serum albumin derived from rice endosperm 
(OsrHSA). We investigated T cell proliferation and the profiles of 
T cell subsets, especially CD8"^ cytotoxic T cells, along with 
cytokine release from cells treated with OsrHSA [6]. Our results 
indicated that both OsrHSA and plasma-derived human serum 
albumin (pHSA) could not stimulate T cell proliferation at Ix and 
5x dosages. No differences in T cell phenotypes were observed 
between OsrHSA- and pHSA-treated cells. The secretion levels of 
four cytokines related to inflammation and immune regulation, 
including interferon-gamma (IFN-y), tumor necrosis factor-cdpha 
(TNF-ot), interleukin (IL)-IO and IL-4, were not significantiy 
different between OsrHSA and pHSA treatments. Our results 
demonstrated that OsrHSA is equivalent to pHSA in terms of its 
effects on T cell proliferation, CD4 and CD8^ T cells and 
cytokine levels, suggesting that there is no evident potential for 
immunotoxicity with OsrHSA treatment in PBMC. 

Materials and Methods 

Reagents and controls 

OsrHSA (HSA purity >99.99%) was purchased from Health- 
gen Biotechnology Co., Ltd., Wuhan, China. pHSA (HSA purity 

>96%) for a parallel control was purchased from the Wuhan 
Institute of Biological Products, Wuhan, China. PBS (0.0067 M 
PO4, pH 7.2) purchased from HyClone, Utah, USA, and PHA 
from Sigma-Aldrich, St. Louis, MO, USA, were used as the 
negative and positive controls, respectively. 



Blood samples and ethics statement 

All blood samples (n = 20) were acquired from Wuhan Blood 
Center and approved by Blood Administration Center of Hubei 
Province. The studies were performed at the Medical School of 
Wuhan University under the guidance of the physician. 

Experimental design 

All experiments were designed as described in Table 1. The 
dosage of HSA was calculated based on the clinical dosage of HSA 
and the blood volume of normal human adults (approximately 
5,000 ml). The concentrations of pHSA and OsrHSA designated 
as the Ix and 5x dosages were calculated from a Ix clinical dosage 
of 10 g/500() ml, or 2 mg/ml, HSA, which is equivalent to the Ix 
clinical dosage- of 10 g/60 kg body weight. Three replicates were 
performed for each dosage. To eliminate the individual differences 
between the Ix and 5x dosages, volunteers were divided into two 
groups for testing the different doses of pHSA and OsrHSA. All 
measurements were taken at 24, 48 and 72 h for PBMC cultures, 
based on the optimization of the conditions in the preliminary 
experiments (Table 1). 

PBMC preparation and isolation 

PBMCs were isolated from the plasma by density gradient 
centrifugation using FicoU-Paque Plus (GE Healthcare, Uppsala, 
Sweden) according to the manufacturer's instructions. The 
PBMCs were suspended in a culture medium consisting of RPMI 
1640 medium with L-glutamine, 10% heat-inactivated fetal bovine 
serum (FBS, HyClone, Utah, USA) and 0.5% penicillin/strepto- 
mycin solution (Ix, HyClone, Utah, USA). The viability of the 
ceUs was determined by Trypan blue staining. Approximately 3- 
4x10' PBMCs with over 95% viability were obtained from 
100 ml plasma from each donor. The PBMCs were immediately 
used for future study. 

T cell proliferation assay 

The T cell proliferation assay was performed using CCK-8 
(Dojindo, Kumamoto, Japan) and CFSE (BioLegend, San Diego, 
CA) kits following the manufacturer's instructions. For CCK-8 
determination, approximately 2x10' PBMCs per well were seeded 
in 100 (il medium in a 96-weIl microtiter plate and cultured in a 
CO2 incubator at 37°C with 5% CO2. At the time course 
endpoints (24, 48 and 72 h), 10 [Xl of the CCK-8 solution was 
added to the wells containing the PBMCs, and the plate was 
incubated at 37°C for 4 h. T cell proliferation was measured with 
a microtiter plate reader (VICTOR X5, Perkin Elmer, Waltham, 
MA, USA). For the CFSE assay, approximately 4x10^ PBMCs 
per well were labeled with 3 |XM CFSE at 37°C for 5 min and 
then seeded in 500 |xl medium in a 24-well microtiter plate. The T 
lymphocyte proliferation at each time point was evaluated at 
488 nm using a BD FACS Aria II flow cytometer (BD Bioscience, 
San Jose, CA, USA). 

Determination of T cell phenotypes 

The T ceU phenotypes were determined using a BD FACSAria 
II flow cytometer. Approximately 5x10^ PBMCs per well were 
seeded in 1 ml medium in a 12-weIl microtiter plate and then 
treated as shown in Table 1. Before measurement, the PBMCs 
were washed with PBS once and then stained with CD3- 
phycoerythrin (PE), CD4-fluorescein isothiocyanatc (FITC) and 
CD8-allophycocyanin (APC) in the dark at room temperature for 
30 min. The cells were measured by setting a primary gate for 
lymphocytes, foUowed by CD3""/CD4"' and CD3'"/CD8'". 
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Table 1. The dosage and time course of the PHA, PBS, pHSA and OsrHSA treatments given to PBMCs. 



PHA PBS pHSA OsrHSA 

Dosage 10(ig/ml NC Ix 5x Ix 5x 

Volunteers 20 20 10 10 10 10 



NC denotes negative control. 

doi:l 0.1 371 /journal.pone.Ol 04426.t001 

Cytokine release assay 

Approximately 2x10' PBMCs per well were seeded in 100 |J,1 
medium in a 96-weU microliter plate and were then treated as 
shown in Table 1. The supernatants were collected by centrifu- 
gation at 300 xg for 5 min. The expression levels of cytokines 
released in the supernatant were determined using a BD 
FACSAria II flow cytometer using a BD CBA (Cytometric Bead 
Array) kit as described in the manufacturer's instructions (BD 
Bioscience, San Jose, CA, USA). Data were calculated using the 
FACP Array software (BD Bioscience, San Jose, CA, USA). 

Data analysis 

AU data were processed using GraphPad Prism 5 software 
(GraphPad Software, La JoUa, CA, USA). Statistical analysis was 
performed with Student's <-test. For cytokine release data, a 
hierarchical cluster analysis (HCA) was performed to compare the 
global response as previously described [31]. Clusters were defined 
by Euclidian distance and average linkage using IBM SPSS 
(Statistical Package for the Social Sciences) 19.0 software (IBM 
Corporation, Armonk, New York, USA). 

Results 

OsrHSA does not stimulate T cell proliferation 

T cell proliferation is an indicator of the immunogenicity of an 
antigen in PBMCs. When T cells encounter their cognate antigen, 
the naive T cells will proliferate and differentiate into helper, 
cytotoxic or regulatory T cells, each of which perform different 
immune functions [32]. Thus, lymphocyte proliferation ex vivo 
could help to assess the potential for immunotoxicity of a 
biopharmaceutical. To evaluate the potential immunotoxicity of 
the impurities in OsrHSA, a carboxyfluorescein succinimidyl ester 
(CFSE) cell division assay was performed using PBMCs. As shown 
in Fig. 1, a slow decay in CFSE fluorescence intensity over time 
was observed in the phytohemagglutinin (PHA) group, while cells 
treated with phosphate-buffered saline (PBS), pHSA or OsrHSA 
did not exhibit any decreases in CFSE fluorescence intensity at any 
time point. These results indicated that similarly to the negative 
control, neither OsrHSA nor pHSA stimulated T cell prolifera- 
tion. To further confirm these results, we performed an alternative 
proliferation assay using a Cell Counting Kit-8 (CCK-8). While we 
observed cell proliferation over time in PHA-treated PBMCs, no 
cell proliferation was observed with the PBS negative control, 
pHSA or OsrHSA treatment. However, increased cell apoptosis 
was observed with OsrHSA, pHSA and PBS treatments compared 
with PHA treatment (Fig. 2). Additionally, abundant cell apoptosis 
was observed with OsrHSA treatment at a Ix dosage after 72 h 
compared to pHSA. Moreover, the apoptosis with OsrHSA and 
pHSA treatment at the 5x dosages was significandy greater than 
that with PBS, but a difference in apoptosis was also observed 
between pHSA and OsrHSA. The observed apoptosis was dosage- 
and time-dependent, with the extent of the apoptosis in the order: 
OsrHSA>pHSA>PBS>PHA. This result suggests that OsrHSA 



could more easily induce apoptosis in PBMCs ex vivo. Taken 
together, the results demonstrated that similarly to the negative 
control, neither OsrHSA nor pHSA stimulated T cell proliferation 
ex vivo in PBMC model. 

OsrHSA-treated T cells have similar subset profiles as 
pHSA-treated cells 

A change in T cell subsets is a very important characteristic that 
is highly related to changes in immune functions [33]. Two types 
of T cell subsets, CD4"*" helper T cells and CD8^ cytotoxic T cells, 
have been widely used to distinguish different immune pheno- 
types. Evaluation of these subsets has been an important criteria of 
assessing a drug's effect on the immune response [32]. Helper T 
(CD4^) cells interact with antigens presented by major histocom- 
patibility complex (MHC) class II molecules that are capable of 
promoting an immune response that drives B-cell mediated 
antibody production. However, cytotoxic T (CDS"^) cells interact 
with antigens presented by MHC class I molecules, promoting an 
immune response that drives cytotoxicity. Both of these cell types 
can have a high-avidity interaction with self MHC, causing cell 
death. Alterations in the CD4''" and CD8^ profiles could reflect 
changes in the overall condition of the immune system due to 
immunotoxicity. To understand whether the profiles difference of 
CD4"^ and 008""" T cell could present between pHSA and 
OsrHSA, fluorescence-activated cell sorting (FACS) analysis was 
performed to monitor the profiles of the CD4 and CD8 T cell 
subsets. At 24 h, the percentage of CD4"^ T cells was not 
significandy different between any of the treatments at 1 x or 5x 
dosages, while the 004"** T cell percentages in the PHA-treated 
cells were significantly lower than those in the PBS-, pHSA- and 
OsrHSA-treated cells at 48 h and 72 h (Table 2), with time- and 
dosage-dependent effects observed. The similarity in the CD4'^ T 
cell percentages between the conditions suggests that there is no 
difference in antibody production between pHSA- and OsrHSA- 
treated cells. Moreover, there was no significant difference in the 
CD8"^ T cell percentage or the ratio of CD4"^/CD8'" T ceUs 
observed between the pHSA- and OsrHSA-treated cells. Howev- 
er, significant differences were noted between the PHA-treated 
cells and the other groups at 48 h and 72 h (Table 2). These 
results indicate that OsrHSA and pHSA treatment resulted in 
similar CD4^ and CD8^ T cell profiles and a similar ratio of 
CD4^/CD8^ T cells, demonstrating that OsrHSA does not have 
any drug-related immunotoxic effects in PBMC model. 

OsrHSA-treated cells secrete the same level of cytokines 
as pHSA-treated cells 

Cytokines are important cell mediators in the immune system, 
modulating cell growth, migration, differentiation and response to 
chemicals [34]. Increases in the cytokine levels reflect potential 
inflammation and immunotoxicity. Evaluation of cytokine release 
has been reported to be a promising tool to identify a potential risk 
for eliciting adverse pro-inflammatory reactions; thus, this 
approach is ideal for screening novel biopharmaceuticals 
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Figure 1. Measurement of T cell proliferation using CFSE. The PBMCs were labeled with CFSE and then treated with PHA, PBS, pHSA and 
OsrHSA for 24, 48 and 72 h. The PBMCs were then analyzed by flow cytometry. The value in the upper left corner indicates the percentage of dividing 
T cells, and the value in the lower left corner represents the average number of cell divisions. 
doi:1 0.1 371 /journal.pone.01 04426.g001 



[35,36]. To predict whether OsrHSA itself or impurities in the 
compound could potentially induce anaphylaxis, immune sup- 
pression or inflammation in the human body, we monitored the 
levels of IL-4, which regulates IgE production; IL-10, which 
suppresses the immune response; and IFN-y and TNF-a, which 
promote inflammation in PBMCs [36]. As shown in Fig. 3, the 
four cytokines were significantly elevated in PHA-treated cells 
compared to pHSA-, OsrHSA- and PBS-treated cells at different 
dosages and time points (Fig. 3 and Table SI, S2, S3, S4). The 
levels of the four cytokines in pHSA-, OsrHSA- and PBS-treated 
cells were all similar, and all were observed to be at the 
background level. To further evaluate the cytokine levels between 



all of the treatments, we performed hierarchical cluster analysis 
(HCA). The results showed that the OsrHSA-, pHSA- and PBS- 
treated cells were clustered in the same category and that tiie 
PHA-treated cells belonged in another (Fig. SI). These results 
indicate that OsrHSA has the same effect as pHSA and PBS on 
cytokine levels ex vivo. Thus, our results demonstrate that 
OsrHSA has the same immunotoxicity as pHSA in PBMC model. 

Discussion 

HSA is a carrier protein that stabilizes the extracellular fluid 
volume [24] and is extensively used clinically to treat hypopro- 
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Figure 2. A proliferation assay was performed using a CCK-8 kit. Panel a presents the data with a 1x dosage, and panel b indicates the data 
with a 5x dosage. Each error bar with the same letter has the same significant level of p value. 
doi:1 0.1 371/journal.pone.01 04426.g002 
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Table 2. T cell Immunophenotypes at different dosages and time points of treatment. 



Treatments 


Cell markers 






Dosages Endpoints 




CD4+ (%) 


CD8^ (%) 


CD4 /CD8^ 




PHA 


J 1 . jU _ 1 U.DU 


Zo.Qj — \ U.OZ 


1 23 "'"O 60 


24 h 


PRC 


34 31 "'"S 91 


"^Q A7-\-f, 5fi 

zy.'f / _o. JO 


1 23 "'"O 44 




pHSA 


33 56~'~9 01 


32 34~'~5 1 0 


1 nR + n ^R 

1 .\Jo — U.jo 


1 X 


OsrHSA 


^1 Hn-t-fl 


32 37^5 92 


1 nA-t-n An 

\ .UO_ U.H-U 




pHSA 


JH.OD — O.H-J 


27 29"'"6 26 


1 33 "'"O 41 


5x 


OsrHSA 


35 74~^9 73 


"JR 1 + fi 7il 

ZO. J 1 _0./H 


1 31 + Q 47 




PHA 


23 39"'"9 33 


ZJ.JH-— I u.zo 




48 h 


PBS 


"^A A7-^ 1 n OR** 

jM-.H-/ — 1 U.UO 


29 27"'"5 78 


1 24 "'"O 47 




pHSA 


jO./ \ U.Zo 


jZ.UD—'f.yo 


1 1 8~'~0 41 


1 X 


OsrH SA 


jd./ _ y.uu 


jj.UO — 'f.iS 1 


1 1 1 "'"O 37 




pHSA 


37.51 ±9.77** 


27.35±5.91 


1.42 ±0.46* 


5x 


OsrHSA 


38.65±9.77** 


28.86±5.70 


1.40 ±0.48* 




PHA 


23.18±8.74 


29.08± 12.01 


0.92 ±0.50 


72 h 


PBS 


37.19±8.97** 


29.47±6.27 


1.29 ±0.44* 




pHSA 


36.44±9.37** 


33.22±5.24 


1.14±0.40 


1x 


OsrHSA 


36.94±9.23** 


33.40±5.29 


1.14±0.39 




pHSA 


39.76±9.52** 


29.94±6.32 


1.40 ±0.47* 


5x 


OsrHSA 


40.21 ±9.76** 


30.04±6.47 


1.41 ±0.49* 




a. *p<0.05; **p<0.01. 

Comparisons for significant differences were evaluated between the PHA group and an 
had no significant differences between each other after evaluation by t-test. 


alternative group {PBS, pHSA and OsrHSA); the PBS, pHSA and OsrHSA groups 
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teinemia, hemorrhagic shock, serious burn injuries, cirrhotic 
ascites and fetal erythroblastosis [37,38]. The dosage of HSA is 
at least 10 g per 60 kg body weight for clinical applications, which 
indicates that the human body would be exposed to a large 
amount of impurities at a megadosage, even if the purity of 
recombinant HSA were as high as 99.99%. The potential for the 
risk of immunoreaction to the impurities arises, especially in a new 
expression system that would be used for clinical applications. To 
completely eliminate the possibility of a "cytokine storm" similar 
to what occurred in TGN1412, it is essential to assess the risk in a 
preclinical safety evaluation when the products from a new 
expression system will first be used for clinical applications. In the 
present study, we used human PBMCs to evaluate the ex vivo 
immunotoxicity potential of OsrHSA. The data indicate that 
OsrHSA has similar ex vivo effects as pHSA on T lymphocyte 
proliferation, T cell immunophenotyping and cytokine produc- 
tion, demonstrating that OsrHSA is as safe as pHSA. Further- 
more, we have completed immunotoxicity tests of OsrHSA using 
rat or cynomolgus monkey models following the gxiideline of 
China Food and Drug Administration (CFDA). The data 
indicated that no differences in inflammation, immunogenicity 
and immunotoxicity were observed between OsrHSA and pHSA. 
The PBMC model can be used as a complementary method to 
predict potential immunotoxicity in further clinical trials with a 
novel expression system. 

Recently, protein O-linked glycosylation of HSA has been 
identified as a significant cause for concern with respect to 
inducing an immune response in humans. The biosynthesis of O- 
linked sugar chains is initiated in the ER and catalyzed by 
mannosyltransferase by the addition of GalNAc from UDP- 
GalNAc to threonine or serine residues in the polypeptide [39]. 



The consensus sequence for the O-glycosylation of mucin-type 
peptide contains the pentapeptide, XTPXP, XTXXP, and 
XTPXX [40] . Several genes responding for O-linked glycosylation 
has been identified in yeast {Saccharomyces Cerevisiae) [41,42]. To 
reduce of O-linked glycosylation, an engineered yeast strain 
deficient in protein mannosyltransferases effective at controlling 
O-hnked glycosylation has been developed [43]. Moreover, a 
mucin-type O-linked glycosylation has been reported in basic 
glutelin in rice endosperm [44]. Therefore, the potential of O- 
linked glycosylation could occur when foreign protein is expressed 
in rice endosperm. To determine if there is any O-linked 
glycosylation in OsrHSA, we first checked the sequence of HSA. 
Two consensus sequences KTPVS (465-470) and ETYVP (495- 
500) for the O-glycosylation of mucin-type were found. Next, we 
analyzed the data of fuU-length protein sequencing of OsrHSA, O- 
linked glycosylated forms of rice derived recombinant HSA were 
not detected using MALDI-TOF/TOF. 

A significant and dose-dependent dilTerence in apoptosis was 
observed between PBS- and OsrHSA/pHSA-treated cells. In 
recent years, several pieces of evidence have demonstrated that 
albumin (HSA or BSA) overloading can induce apoptosis by 
causing endoplasmic reticulum stress in a time- and dose- 
dependent manner [45,46]. Hence, the increased apoptosis in 
OsrHSA- or pHSA-treated cells compared to PBS-treated cells 
could be due to HSA overloading. It is also possible that HSA 
could change the osmotic pressure ex vivo to promote cell 
apoptosis. Furthermore, it is possible that the increased number 
of CD4^ T cells could interact with CDS"^ T cells to promote 
PBMC apoptosis via a high-avidity interaction with self MHC. 
Regarding the increased T cell apoptosis observed in OsrHSA- 
treated cells compared to pHSA-treated cells, several the possible 
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Figure 3. The profiles of four cytol<ines in PBMCs following different treatments. The levels of cytokines were assayed using a CBA kit. 
Panels a, b, c and d present the data for the cytokines IFN-y, TNF-ot, IL-10 and lL-4, respectively. Each error bar with the same letter has the same 
significant level of p value. 
doi:10.1371/journal.pone.0104426.g003 



hypotheses could explain the increased apoptosis in OsrHSA. Our 
previous data has showed there is a difference in the lipid types 
between OsrHSA and pHSA [6] . Eight types of lipids present in 
pHSA have been absent in OsrHSA. Studies indicated that several 
of those lipids might be involved in T cell proliferation and 
apoptosis [47,48,49,50,51,52]. Thus, the absence of those lipids in 
OsrHSA may account for the difference in apoptosis. Further- 
more, there are approximately 4% impurities in pHSA (purity 
96%), suggesting that pHSA might contain some unknown factors 
that could impede T cell apoptosis in ex vivo PBMC model. 

Various in vitro or ex vivo approaches could be used to evaluate 
the risk potential of biopharmaceuticals, such as mAbs, chemicals 
or xenobiotics [36,53,54]. The FDA encourages using an 
alternative ex vivo system to predict the potential for immuno- 
toxicity as a complement to a standard nonclinical trial. In the 
present study, we used PBMCs to assess OsrHSA produced in rice 
endosperm cells, which will be used in large doses for clinical 
applications. Our results indicated that OsrHSA, as a novel PMP 
product, is safe as pHSA, demonstrating its minimal immunotox- 
icity before it goes to an FIH trial. Our results also suggest that 
because rice is a staple food, humans may have acquired a high 
tolerance for rice antigens during evolution. We also provide 
indirect evidence that rice could be a favored bioreactor for PMP 
production. Our data provide an example of using human 
immune cells ex vivo to predict the risk of immunotoxicity of a 



PMP product. This ex vivo system also provides an alternative 
approach for predicting the potential risks of novel biopharma- 
ceuticals before clinical trial, which could be a valuable 
complement to immune toxicity assessment. 

Conclusions 

In summary, we assessed the potential for immunotoxicity of 
OsrHSA by monitoring T cell proliferation, the profiles of CD4''' 
and CD8^ T cells and the levels of four cytokines using an ex vivo 
PBMC model. Our data showed that OsrHSA, similarly to pHSA, 
did not activate T cells, change the profiles of 004""" and CDS""" T 
cells or elevate the cytokine levels. Our results demonstrated that 
OsrHSA has equivalent immunotoxicity to pHSA in PBMC 
model. 
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